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Introduction
Among Latin American women, breast cancer is one of the most common causes of malignant tumors, surpassing cervical uterine cancer 1 . Patient survival rates have been related to the stage at diagnosis, therefore early detection of a growing breast tumor is of vital importance. Regular participation in exploration activities such as mammography is known to increase the likelihood of early diagnosis, thereby increasing the survival rate by up to 98.1% within at least 5 years of breast cancer identification 2, 3 . Nevertheless, in Mexico 80% of diagnosed cases are at advanced stages 4 .
In Mexican populations, breast cancer detection coverage between 2007 and 2012 was below the national target of 21.6% for females aged between 45 and 64 5 . In 2007, a low rate of mammography of only 16% was reported in rural areas among women between the ages of 40 and 49 6 . Understanding the reasons for the low participation rate in mammography among the Mexican female population is needed to change people's attitudes and resolve institutional problems in promoting screening tests. The identification of the socio-ecological (individual, interpersonal and intermediate/community) factors involved in the adoption of mammography is vital for three reasons: (1) to attain optimal survival outcomes, (2) to identify the crucial socio-ecological factors towards maximizing the efficiency of Social Marketing Campaigns and (3) to define whether Social Marketing Campaigns should be focused at the public health level, i.e. behavior affected by income, and/or at individual level i.e. behavior influenced by attitudes 7 .
In situations that require expert judgment, i.e. the socio-ecological factors that affect mammography participation, some uncertainty and ambiguity is to be expected because of the disparity between meanings and interpretations of opinions 8, 9 . Thus, these conjectures cannot be accurately represented quantitatively 9 . The combination of the Fuzzy Set Theory and Delphi Method, named the Fuzzy Delphi Method 10 , models the uncertainty and vagueness mathematically, addressing the inaccuracy which is intrinsic in human reasoning from using linguistic terms, i.e. "not important", "less important", so as to reflect their preferences 9, 11 . A fuzzy set is a collection of elements characterized by a membership function. The grade of membership is defined as a possibility distribution and ranges between zero and one 12 . The nearer the value to unity, the greater the degree of belonging. For example, consider a fuzzy set as an application in supporting medical diagnosis for five diseases, where we have a set of symptoms S = {chest-pain, cough, stomach pain, headache, temperature} and a set of diagnoses D = {fever, malaria, typhoid, stomach problem, chest problem}. The state of a patient is determined by his/her medical test results. However, sometimes there is lack of knowledge, thus the information cannot be classified. Therefore, a solution is derived from the use of a degree of membership 13 . The Fuzzy Set Theory is designed to extract a primary possible outcome resembling human reasoning. The Fuzzy Set Theory rationalizes uncertainty to generate and solve the group decision 10, 12, 14 . Consequently, to obtain a more representative description of the significance of the factors in reduced mammography participation, this study applies the Fuzzy Delphi Method which is optimized by the consistency aggregation method. The consistency aggregation method aggregates the fuzzy individual opinions into a group consensus using a consistency index. It is based on similarity and distance indices for the comparison between experts' fuzzy opinions 15 .
Our study design overcomes variations in medical opinions in Mexican breast cancer by implementing Fuzzy Set Theory through the following objectives: (1) to review the literature in order to generate a list of various features influencing mammography attendance and; (2) to apply the Fuzzy Delphi Method via the Consistency Aggregation Method to form a consensus of expert opinion and determine the most significant factors that affect breast cancer screening participation or avoidance behavior. The results therefore represent the first step of an investigation with two goals: (1) to guide the implementation of theoretically designed educational programs and (2) to provide the authorities responsible for breast cancer detection programs in Mexico with a view of the procedures to be optimized and target the areas in which to encourage investment. The aim is to raise awareness about breast cancer and the benefits of early diagnosis.
Methodology
A detailed list of possible determining factors for women's participation in early mammography detection screening was created through an exhaustive review of literature and based on the spatial interaction model of mammography use 16 (Table 1) . This model considers the effects of hypothetical constructs -those that cannot be directly observed and are measured indirectly by means of observable items in a questionnaire -therein called latent variables 17 , at the political, cultural, social and institutional level. Table 1 .
The Fuzzy Delphi Method
The creation of a large number of variables complicates the construction and assessment of models 19 . The Delphi Method has been widely used to obtain a constant flow of expert opinions through survey. Questions come from related literature and those recommended by experts. The Delphi approach has three characteristics: anonymous responses, interaction and controlled feedback, as well as a statistical group response 9 . The questionnaire procedure requires asking the opinion of experts on multiple occasions, which results in certain difficulties, such as: (1) scheduling and convenience). The thresholds were calculated using the procedure step 5 as described in Methodology; *** Proportion of economic activity dedicated in the last week (Monday through Sunday), plus the average transport time to and from work (in hours) 12 ;
# Summarizes different aspects of poverty, considering 13 deficiency markers: education, access to health, basic services, housing quality and home assets 17 . 8 . To overcome these difficulties, Murray et al. 10 proposed to apply the Fuzzy Delphi Method to group decisions. This method is based on a similarity function to assess the level of agreement between experts. The Fuzzy Delphi Method assures no misinterpretation of expert opinions since it considers the fuzziness that every survey process has to deal with 8 . Thus, more objective evaluation factors can be determined through statistical analysis since the efficiency and quality of questionnaires are enhanced 8, 9 . Some of the more representative strengths of the Fuzzy Delphi Method are: time saving, fewer surveys, increased recovery rate, and guarantee of completeness and consistency of the group opinion 19 . Additionally, the Similarity Aggregation Method was suggested to help solve the fuzziness problem in the consensus of experts (Consejo Nacional 15 enriched the methodology through the Consistency Aggregation Method to improve the way in which similarity between fuzzy numbers is calculated. In this research, modified measures of similarity and distance were thus combined to obtain the weights of each individual opinion and finally the aggregation weights were determined through the algorithm stated as follows.
• Adapted Consistency Aggregation Method 15
Step 1: calculate the similarity between each pair of experts' opinions and for the 13 experts by:
where the triangular membership function is given by: (Figure 1 ). Let us consider as an example for only two experts' opinions, and . Now using the membership function equation (2) we obtain: however, for a left (a i , b i , 0) or right (0, b i , c i ) triangular fuzzy set the respective membership function defined also by Park et al. 20 was applied. If a i = b i = c i in a triangular fuzzy number, we obtain a real crisp number 15 , therefore its membership function is equal to 1 for the given real number and 0 for all other real numbers 21 .
Step 2: calculate the distance between each pair of and by :
where is the normalized distance measure defined as follows: with the Hamming distance based on the weighted one defined by Merigó 22 and are calculated between any two fuzzy numbers = a 1 ,b 1 ,c 1 and = a 2 ,b 2 ,c 2 as follows:
represents the largest distance, by our distance measure equation (3), we have:
Step 3: given , let and calculate the consistency degree between each pair of experts by:
Step 4: let the degrees of importance of thirteen experts be e i , i = 1,..., 13.
The degrees of importance are defined according to the years of experience reported by each expert in mammography studies, getting the percentage for each expert over the total years of experience. Then calculate the weighted consistency degree C(E i ) for each expert E i by:
Using equation (9) and a given e 1 = 0.04, e 2 = 0.08 the weighted consistency degrees are C(E 1 ) = 0.04, C(E 2 ) = 0.08
Step 5: calculate the aggregation weight w(E i )of expert E i as follows:
Step 6: aggregate each fuzzy opinion for each feature k into a group fuzzy opinion as:
where (•) is the fuzzy multiplication operator 23 .
Thus, the fuzzy opinion for feature k = 1 is The Fuzzy Delphi Method with the Simple Center of Gravity Method proposed by Glumac et al. 8 and Hsu et al. 9 was used to achieve consensus regarding the importance of the identified variables. The Simple Center of Gravity Method is the most common method for creating a quantifiable result in fuzzy logic (defuzzification), computing the weighted average of the membership function 24 , as follows. The value S k is obtained by:
A modified approach for Fuzzy Delphi Method is illustrated in Figure 2 with a flow chart for this study. The analysis was performed with R software (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project. org). The methodology with the corresponding modifications, consisted of the following steps:
• First panel evaluation: definition of items
Validation of a predefined list of variables: in a preliminary survey, experts were asked to approve or, failing that, add the variables they considered pertinent to the initial proposed list, based on the literature review.
• Second panel evaluation: item evaluation by some criterion of importance Collection of experts' opinions: in a second survey, the triangular fuzzy number was obtained for each expert, which represented the respondents' rate and range of importance of each variable, i.e. the expert gave three values (minimum -a i , optimal -b i and maximum level -c i of importance) on a scale of 0 to 10 related to a linguistic description ("very unimportant" to "very important").
In this study, a triangular membership function was implemented, to provide the experts with a simpler evaluation procedure. The three scores obtained per variable and per expert generated a more reliable data analysis 8 .
• Consistency Aggregation Method algorithm
Setting up overall triangular fuzzy number: separately examining the evaluation of each variable provided by the group of experts and aggregate the individual fuzzy opinions into a group fuzzy opinion through the modified Consistency Aggregation Method. By the method, the group consensus opinion is achieved based on similarity and distance indices. The aggregation of the fuzzy opinions is calculated from the weighted consistency degree for each expert and aggregated weight 15 . An algorithm is illustrated in item Adapted Consistency Aggregation Method to determine the aggregation weights of each individual opinion. The first modification to the original algorithm was the adjustment of the Consistency Aggregation Method, considering either a left or right triangular fuzzy set, to model the unusual answer pattern given by some experts. The second modification was the distance definition in Consistency Aggregation Method, using the Hamming distance for calculation optimization. Detailed flow diagram of the Fuzzy Delphi Method implemented to calculate the overall opinion of experts in mammography related research reported in Table 1 .
• Simple Center of Gravity Method
Defuzzification: the aim was to convert the overall triangular number to a real number 8 . The Simple Center of Gravity Method 25 for each group fuzzy opinion was used to derive a definite value for each feature. The procedure is shown in item Deffuzification.
• Ho et al. 26 
thresholds setting
Choice of the relatively important variables: variables that presented a value greater than each separately set threshold for each latent variable based on the method of Ho et al. 26 applied by Ho & Wang 27 , were retained. The cut-off point was determined using the arithmetic mean and the standard deviation of the internal variables CAM: Consistency Aggregation Method.
in each latent variable. The threshold settings were made following Ho et al.'s 26 methodology for variable selection, which avoided the subjectivity in the specification.
Survey design
The first selection of variables to be evaluated relied mainly on the availability of data taken at individual, local and municipal levels in the rural homes survey (ENCEL 2007) 19 25 . The two surveys were carried out by sending an e-mail questionnaire to experts and academics in the following fields, viz. epidemiology, demography, economics, sociology, oncology, public health and health sciences. The goal of the first instrument was to refine and validate the initial list of factors obtained from the literature review. For that purpose the survey was submitted to three experts for evaluation, namely an epidemiologist, a demographist and a marketer. Hence, 52 variables corresponding to 9 constructs of the spatial interaction model of mammography use were proposed (Table 1) as inputs for the second questionnaire. A total of 20 experts were contacted to participate in the second stage, 13 of whom agreed, a response rate of 65%. Three sections were included, following the methodology employed by Ho & Wang 27 : basic information (gender, area of specialization, years of specialization in breast cancer and in mammography), questionnaire instructions and finally the definition of variables and responses. The focus of the survey was to ask experts to estimate the importance of each variable as a determining factor in the use of mammography by allocating three values: minimum, optimal and maximum, by means of a 7-point Likert scale (0 = very unimportant, 1 = quite unimportant, 3 = unimportant, 5 = neutral, 7 = important, 9 = quite important and 10 = very important).
The structure of the experts' disciplines comprised epidemiology (31%), sociology (23%), public health (15%), oncology (15%), demographics (8%) and health sciences in the workplace (8%); 76.92% were women. The respondents had an average of 10.12 years' experience in breast cancer research, with a minimum of 3 years and a maximum of 38. The mean number of years of mammography-related research was 6.58, with a minimum of 2 and a maximum of 15. Based on this information, the degrees of importance of 13 experts (Step 4, item Adapted Consistency Aggregation Method) are shown in Table 2 . After eliminating the missing values obtained in the ranking of the variables in the second questionnaire, the sample size varied between 9 and 13 experts.
Results
Those features which showed a real score higher than the threshold value after defuzzification were retained and the remainder discarded. The 20 relatively important factors resulting from the examination process are shown in Table 1 and Figure 3 . A description of the variables selected from the expert survey are given and correspond to nine latent variables considered from the spatial interaction model of mammography use: 1) Enabling/disabling: of the eight variables, three were retained, insurance status having the highest score, with 8.90, followed by asset index and number of children aged 12 and under. 2) Predisposing: only level of education was retained with 8.91. 3) Need: of the nine characteristics, three were retained, preventive medical consultation having the highest value with 8.17, followed by Pap smear and age at first childbirth. 4) Stressors: of the three variables, only the social gap index was retained with 9.01. 5) Social integration, support and behavioral settings: Of the four factors, only women who have worked at some time was retained with 5.97. 6) Social relationships: of the five variables only two remained, being accompanied to the doctor is seen as the most important with 7.18 followed by women who are listened to. 7) Population health behaviors or norms: only four of the eight variables remained, follow-up of abnormal mammogram results was the most Table 2 Weights (degrees of importance) of the years of experience of each expert in mammography related research to calculate the Fuzzy Delphi Method aggregated opinion defined in Table 1 relevant with 9.52, preceded by following the doctor's advice, trusting the doctor and followup of abnormal Pap results. 8) Proximity and density of facilities, physicians: of the nine variables, four were retained, the availability of mammographs having the highest score with 9.44, followed by health communication through workshops, density of radiologists and availability of health centers. 9) Crowding, scheduling and convenience latent variable: the longer than average waiting time for a consultation was the factor retained with 7.10.
Discussion
The theory proposes that a variety of contextual factors operating at different levels of influence can help explain female participation in breast cancer screening. This study has examined the theoretical model of the ecological environment for mammography use proposed by Mobley et al. 16 in the Mexican context. The selection procedure and importance of the factors which affect the screening uptake was determined by expert survey, i.e. having experts from the practice validate it, and Fuzzy Delphi Method analysis. The use of the Fuzzy Delphi Method helps to solve the uncertainty of an accurate expert distinction in the examination of the features during the survey process, ensuring a better quality of survey analysis.
One of the great advantages of the Fuzzy Delphi Method is the time saved in obtaining results, compared to the classic Delphi. The degrees of importance of participants affected the group decision-making, i.e. some experts are more experienced with breast cancer screening studies than others. Thus, by applying the Consistency Aggregation Method the fuzzy individual opinions are combined to obtain group consensus opinions, considering the relative weight of each expert according to their years of experience in mammography studies.
Several authors mentioned that the use of mammography can be determined by the term and type of medical insurance 6, 28, 29 . De Alba et al. 30 and Garbers et al. 31 reported that lower participation rates are primarily associated with low socio-economic levels and health care barriers. Women believe that child-care issues influence the lack of follow-up mammograms 32, 33, 34, 35 . Our results of asset index and having children, as factors influencing mammography participation are consistent with previous studies 6, 28, 29, 30, 32, 33, 34, 35 . As Brouwers et al. 36 reported, there is no evidence that group education has an effect on mammography adherence. However other studies reported a link between having a higher level of education and being receptive to mammography 7, 28, 29, 35 .
Participation in mammography screening by the women in this study appears determined by "need factors". Age of first childbirth is one of the risk factors for breast cancer 37 . Sclowitz et al. 38 concluded that, at least with regard to the clinical breast exam, having a higher risk is positively related to the test. A number of preventive care variables such as influenza vaccination, bone density screening, Pap or gynecologic exam 39 and other disease prevention behaviors 37 were strongly associated with mammography. Moreover, in a study of Mexican women aged between 20 and 49, undergoing at least one Pap test was found to be linked with the carrying out of mammograms 6 . Our research is the first study to use fuzzy logic that has identified the Pap smear as a factor that may affect screening rates. This finding is consistent with mathematical modeling studies among Mexican women 6 and elsewhere 40, 41 . There is general agreement with the broad conclusions of the Canadian Cancer Society study, which reported that improved health care systems, strategies and policies must include the integration of primary cancer prevention with other chronic disease prevention activities 42 .
Our study confirms that among the barriers to the best breast cancer healthcare in developing countries, more so at low income levels, are lack of knowledge of the disease, socio-economic and cultural barriers, organizational problems, poor quality health services and limited resources 35, 37, 40, 41 . Case studies supporting our findings, have suggested that the synergy between elements such as: anti-poverty strategies, collaboration of NGOs with the government, empowerment through employment 42 , participative development and active health programs may be the most effective in improving health and development outcomes 37 . However, besides raising women's income-generating capacity, it is also necessary to increase their autonomy, decision-making authority, mobility and power in the home.
Other mamography participation studies have also found a lack of health-related social support as a barrier for the use of early detection tests 40, 41, 42 . Health-related social support may be forthcoming from a regular doctor, but also refers to engaging in conversations with other women about health-related issues, for example providing information and clearing up any doubts about the exam.
Our findings related to the association between screening uptake and health behaviors, proximity-density of facilities and stressors, are consistent with the results documented by Brouwers et al. 36 and the Canadian Cancer Society 43 . In a cohort of women with initial ages of 35 to 39 years, those who had false-positive mammography outcomes showed less risk of non-participation in the future, compared to those who had true-negative outcomes 37 . Similarly, women with abnormal Pap smears were significantly more adherent to mammography than those with normal results 37 . Particularly in the clinical breast exam 40 and breast cancer screening 41, 42 , one barrier which dampens demand is users' confidence in health care personnel and in the organizational aspects of the institutions which provide the service. Furthermore, the recommendation of doctors is vital because the physician's advice to have a mammogram persuades individuals to adopt that preventive health behavior 37, 40, 41, 42 . Unger-Saldaña & Infante-Castañeda 44 maintain that the national screening program implies the equitable cost and distribution of mammography equipment, in addition to the training and adequate distribution of personnel to perform and interpret the test. The perception that the health system has sufficient equipment, staff and time to carry out the test also bore a significant relation to the breast cancer screening 35, 37 .
Our findings support the argument that the lack of effective communication in health care 42 and lack of knowledge about cancer 35, 45 are determining factors for poor mammography participation 40 . Thus, a reduction of structural barriers, giving provider assessment and feedback is recommended to improve screening rates 39 as well as ensuring an adequate supply of cancer prevention scientists and practitioners 42 . Disparities in access to and quality of health services, for example, and an acceptable waiting time for obtaining a breast cancer exam 35 have been identified in and within various regions of Mexico, affecting poorer women to a greater degree 41 . Our result of consultation wait times as a possible determinant of mammography utilization is consistent with this finding.
Examination of the threshold values showed that experts generally ranked highly those variables that related to predisposing and proximitydensity of facilities and physicians. Early diagnosis, therefore, requires a process of effective communication and education which inculcates the medical culture of prevention in the population 46 Consequently, the best alternative is to renew early cancer detection strategies and programs rather than continuing the identification of patients in later stages when there will be insufficient resources for adequate treatment 4 . The findings described above coincide with some of today's challenges for the efficient detection of breast cancer such as: (1) promoting equal investment in human resources, infrastructure and screening equipment, (2) improving information and target population awareness-raising about the benefits associated with early detection, (3) training enough radiology technicians, oncology specialist nurses among others and (4) promoting a culture of quality and excellence in the provision of services 5 .
Conclusion
The present study suggests that population health behaviors, i.e. follow-up of abnormal mammogram results and/or abnormal Pap results, following the doctor's advice and trusting the doctor, is the most relevant latent variable that could determine women's mammography participation. This shows, therefore, that some women may be less willing and less concerned about their health, demonstrating a bigger risk of non-participation in preventive health behavior in the future. According to the next highest scores obtained from the Consistency Aggregation Method, proximity-density of facilities and physicians, as well as stressors, are also relevant latent variables associated with adherence to early breast cancer detection. Additional research to balance and increase the number of experts in the various areas of specialization to obtain more reliable conclusions, to use other transformation methods for defuzzification in the proposed algorithm and to study the risk of breast cancer through Fuzzy Rule-Based System, is also needed. Moreover, additional studies addressing factors like quality and optimization of health services, training of personnel at all levels, formality and seriousness when dealing with patients, self-esteem, body image, taboos and psycho-social factors are suggested. 
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